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ManagementDecisions
In SeverelyDamagedStands

Dale D. Wadeand Darold E. Ward
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A fter wildfire, insects, disease, ice or wind se-
verelydamagea standof trees,a forestermustdecide
whetherto restockthe areaor to managethe remaining
trees.A comparisonof ratesof returnon investmentis
a soundbasisfor such a decisiononly if all the impor-
tant factors are included in the analysis.To compute
rates of return, the forestermust estimatemortality
and growth loss, as well as the costs and risks as-
sociatedwith the alternatives.

We presentsome post-disasterstand management
options that should be consideredin choosingthe al-
ternative that will best fulfill the managementobjec-
tives. We use a slash pine (Pinus el/loud Engelm.)
plantation heavily damagedby wildfire at age5 as an
exampleof how such an assessmentmight be made
usingsimple,economictheory

StandHistory

This 55-acreplantation wasestablishedin the South
Carolina sandhills during the spring of 1962 after
mechanicalpreparationof a siteoccupiedby scruboak
(Quercus spp.). The one-year-oldstock was planted
on an 8- by 8-foot spacing(680 treesper acre). Site

index wasestimatedto be 50 feet at age25. An under-
story of herbaceousplants and low-value hardwoods
(mainly Andropogan spp. and Qticrcas spp.) had de-
veloped by April 1966. At that time, the plantedpines
averaged8 feet in height and slightly less than I inch
dbh. A thin layer of needlesand leavescontributed
little to the total fuel complex.which wasestimatedat
6.3 tons (ovendryweight) per acre.

On the afternoonof April 1. a wildtire that hasbeen
describedin detail elsewhere(3, 5) swept very rapidly
across the plantation. There was a lack of heavy,
slow-burningdeadfuels, but high winds ~ an
intense,fast-moving fire. A damagesurvey revealed
that almost all pine needleswere scorched,but that
relatively few needleshadbeenconsumed(figare / I.
Many of the smaller pine branchesand needleswere
desiccatedandstiffenedhorizontally in the directionof
fire spread.When the fire struck, the pines weje tin-
dergoingtheir annualburst of rapid height growth.and
it appearedthat the unprotectedmeristematictissues
on mostbrancheshadbeenkilled. Thus, it wasfeared
that the plantation might be a total loss.

ManagementAlternatives

Shouldthe areabe replantedor someotherremedial
action be taken? To compute a rate of return for an
investmentoption, it is necessaryto know both the
costsand returnsassociatedwith that option. A forest
managerin’rst examine,amongotheralternatives,the
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possibilijy of retaining the existingstandbasedon the
costsfor its establishmentandcontinuedmanagement.
When he is consideringliquidating the old standand
planting a new one, the establishmentcosts for the
damagedstandmust be addedto. those for the new
stand. Each cost, of course,must be compounded
from the time it was incurred until the time when re-
tumsare received.

Normally, the most difficult item to estimatesoon
after a standhas been severelydamagedis the yield
that canbe expectedif that standis carriedthroughto
rotation age. In this determination,thereis no substi-
tute for a systematicsurveyof the standandacareful
examinationof available information on the probable
responsesof the trees.

The literatureon slashpinefire damagerevealsthat
the chancesfor survival with 100 percentscorchand
no needleconsumptionareexcellent(7, 8, 9), but that
a temporaryreductionin growth shouldbeanticipated.
Lindenmuthet al. (6) relatedamageto burningindex at
the time of the fire. A call to the county unit revealed
that in our caseit was at 100, its maximum value, on
April 1. Further,U.S. WeatherBureaurecordsfrom a
nearbystationshowedthat while the Februaryrainfall
was slightly aboveaverage,only about50 percentof
the 4-inch March norm wasrecorded,andall but 0.14
inch of that amount fell before March 5. Thus,
moisture was severelydeficient on this sandhill site
where the infiltration rate is generally high and soil
water-holdingcapacity low. Thesetwo factors, along
with the unseasonablyhigh temperature(860 F.) the
day of the fire, suggestedthat damagemight be greater
than normally expected.

The decisionto restock a site or carry the residual
stand to maturity after a wildfire is complicatedby a
numberof practicalconsiderations.Replantinghasto
be programmed into the work schedule. Variables
such as site productivity and availability of planting
stock have to be assessedbefore adjusting planting
priorities. Economics and valuation of the fire-
damagedstandmustbe weighedagainstthe costsand
risks associated with replanting. In our example,
probablerateof return from managementof the exist-
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Figure2. Ratesof return at selectedharvest,agesandstocking rates
with a site index of 50.

Figure 3. Terminal leaderdamageresultingfrom thewildfire, Note
callus tissueformation.

ing standcould not be reliablycalculatedimmediately
afterthe fire becauseit wasimpossibleto estimatethe
extent of mortality. The areacould be replantedim-
mediately,but summerplantingsuccessis unpredicta-
ble.

Armed with suchscantyinformation andhisexperi-
ence,the forestmanagermust pick oneof the follow-
ing altematives:go with the survivors; interplant; re-
plant; or put off the decision until a later date.The
proceduredescribedbelow shouldmakethis decision
easier; it maximizes rate of return from the various
alternativesbasedon capital invested and expected
income.

EvaluationProcedure

Probableyields at various harvestagesfor a site
index of 50 were taken from Bennett’s tables (2).
Thesevaluesmay be slightly high for sandhill sites,
but they are sufficiently accurate for illustration.
Under the assumptionthat original and final land
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valueswere equal, and that wood would sell for $10
percord,the incomeat harvestcanbe calculatedusing
the following equation:

Income (c) (w)
where, c cords per acre at harvest from yield tables

w wood value per cord.
Costs are computed as follows:

cost Vo(t + i)” + taLl I- il” —ii + R

where, Vo= cost of site preparation and planting the original stand
($30 per acre)

= the unit of principal invested and receiving interest
rate of interest expressed as a decimal

n = the number of interest-bearing periods (generally years)
a taxes and administration ($1 per acre per year)
R = Vx(l + i

0 )“ x = cost lobe added if the stand is replanted
after the wildfire

Vx cost of site preparation and planting the second stand t$ IS
per acre).

Do not be overwhelmedby this formula. Compound
interest tablesthat give computedvaluesof (I ± i)
and luLL are readily available in such places s
the Fore~tty Handbook (4, Tables IA and IC).

Thesecosts and anticipatedincomescan be com-
bined to determinethe rateof returnfor various rota-
tions andcomparedto determinethe rotation agethat
will maximize rateof returnon the investment(Figure
2). The combinedformula is:

IVotI + i)~] -±-latl+ i)~ ~~t] ± R = tc) 1w)

A precise answer requires a seriesof mathematical
approximations,but an acceptableanswercan easily
be obtainedby the following procedure.Choosea ro-
tation ageand a standdensity,and then compute(c)
(w). Choosethe two interestratesin appropriatetables
that will give an answer that bracketsthe valuejust
computedfor (c) (w). Your rate of return will fall be-
tweenthese two valuesand interpolation will give a
value very closeto the true rate of return.

For example,the rateof returnfrom this plantation
at age22 if replantedthe spring after the wildfire (5
yearsafter the original planting) would be:

130(1 I— i)2~] + IltI ±_i)27—l]+ 115(1 + i)22) = 182

where, tc) (w) = (18.2) (10) = $182.

Using Forest~ry Handbook tables t~4) at 4.0 and 4.5
percentyields the following values:

4 percent—30t2.88
3) + 1(47.08) + 15(2.370) $169.12

4.5 percent—3Ot3.282) + 1(50.7 I) + 15(2.634) = $188.68.
Since 182 is between169 and 189, the rateof returnis
between4 and4.5percent.Interpotationgives a figure
of 4.3 percent.

Replantingimmediately after the fire rather than
waiting until the next spring would yield a rate of re-
turn of 4.5 percentat age22. Thus, if the forest man-
agerpostponeshis decisionuntil the following winter
and still decidesto replant, his rate of return only
drops two-tenthsof a percent(Figure 2). Moreover,
this short wait hasenabledhim to determinesurvival,
distribution, and first-year growth reduction in the
fire-damagedstand.Re is now in aposition to estimate
growth recoveryandyield from his original standand
comparethesepredictionsagainstthose madewith a
replantedstand. it must be emphasizedthat no risk
factorsare includedin thesecalculations.

What Happened

Our exampleplantationwas inspectedagaina year
after the wildfire. The resultssurprisedus. More than
70 percentof the pinesoccupyingthe siteat thetime of

the fire were still alive. The carnbiuti~had been killed
on the lee side of many of the stems,but callusgrowth
was rapidly coveringthe wotlnds (Figure 3). The ter-
minal leaderdied on most of thesetrees. but a new
flush of needlesand axillary buds developedfurther
down the stem. The crowns had a broomedappear-
anceon about 15 percentof the sttrvivors (I-/give 4).
Broomingmay havebeencausedby failure of oneof
the new shoots to establish apical dominance, or
possiblyby somepathogen.

Insectactivity in the plantationwas obvious. Pales
weevils (Hvlobius pales ( herbst.)) had invaded the
areafrom an adjacentsalvageoperationand tip moth
larvae, probably of the Nantiteket pille moth
(Rhvacioaia •fritstrana (Comst.) 1. were feedingon the
new pine growth.

To helpassessstandconditions,sampleplots should
be establishedat this tithe and the treesdivided into
vigor classessuchas the following:

Vigor class I —no noticeabledamage.
Vigor class 2—tertninal leader killed bitt

replaced rapid cainbial healing.
Vigor class3—treesbroomedbut htalthv

rapid cambialhealing.
Vigor class 4—poor crown development

little chancefor survival.
Vigor class5—dead.

Actualgrowth reductioncausedbt’ the fire canbe tic-
terminedby cutting a few trees in each vigor class.

Basedon ottr survey,it wasdecidedthat mosto[ the
treeswould probably not succitnib to the insectattack
or effects of brooming. Bitt conli ntted retardationof
height growth was expectedfor several mote \ cars.
Fittnrc mortality was estimated at IS percent. Lx—

Figure 4. Brooming of youngslashpine following death ofthe terminal
leader. Photograph taken 1 year after the wildfire.



pectedteturnsat various harvestageswerethencom-
putedfor the survivors(Figure 2). Lossin growth was
accountedfor by reducingthe numberof cords’pro-
duced Computationindicateda maximum rate of re-
turn of 4.5 percentwould be realizedat age28.

The forestmanagerwas now in a much betterposi-
tion to make his decision than he was immediately
after the fire. He could compare projected returns
from his alternativesanddecidewhetherthedifference
betweenreturnswasgreatenoughto warrant replant-
ing. Becauseinterplantedslash pinesgenerallyexhibit
poor survival and growth (1), this alternativewas dis-
cardedwithoilt furtherconsideration.In this case,the
landov~ncr elected to keep his expenditures at a
minimum and rely upon the survivors to provide an
acceptablereturn.

The standwasexaminedagainsevenyearsafter the
fire to assessits progressduring the preceding six
years.as well as its futurepotential(Figure 5). Mensu-
rational datacollectedare summarizedin Table1.

We selectedseveraltreesfor a rigorousanalysisof
diameterandheightgrowth(Figures6, 7). Bothdiame-
terandheightgrowthweresignificantly reducedby the
fire, but they haveslowly improved since. No lossof
revenueis anticipated becauseof internal defect or
treeform from treesin vigor classes1 or 2. However,
class3 treesare smallerthan those in classes1 and2
and, thus, will produce correspondinglyless mer-
chantablewood. Class4 treesmay not survive until
harvest.

Making the Choice

Whether the old stand should or should not have
been liquidated after one year is open to discusston.
The 4.5 percentrate of return(Figure 2) from replant-
ing is by no meansguaranteed.As thefirst fire demon-
strated, a young slash pine plantation is subject to
heavylosses.Droughtsandinsectanddiseaseattacks
are also possibilities. In our example plantation,
mortality was observedto be ratherevenlydistributed
and provided increasedgrowing space to the sur-
vIvors. The result may be larger-than-averagetrees
and higher-than-averagestumpageprices at harvest
time. For most investors,the additional returnsfrom
replantingprobablywould not be worth the additional
risks.

On industrial forest lands where optimizing wood
productionis a majorobjective, thechoice might be to
replant. Evenon industry iands,however,this choice
Is not clear-cutbecausesomesitesarenot highly pro-
ductive. On land with a site index of 70, for example,
replantingwould haveyieldeda maximum rate of re-
turn of 8.6 percentafter22 yearsand replantingwould
havebeenan attractivechoice.

From datacollected oneand sevenyearsafter the
fire, then, it is difficult to quarrel with the manager’s
decisionnot to replant. And the key to his successful
decisionwasawillingnessto wait ratherthan to make
a snapjudgment.

Observationsin the study plantationleadto several
importantconclusions:

Figure 5. Slash pine plantation 7 years after a severe wildfire showing
understorybuildupand crooks in pinestemsresultingfrom deathof
the terminalleaders.



Table 1. Standmensurationaldatabasedon four 114-acre_plotsat_age12.

Vigor
class

1

Trees
per
acre

Average
dbh

Average
height

Number Inches Feet
1 141 3.87 21.2
2 25 2.96 16.7
3 21 2.75 12.8
4 43 2.59 11.4
5 156) — —

Totals 2302 3.25 18.1

1Vigor classes:
1 — no noticeabledefect
2 -~ slight crook in bole (indicates death of terminal leaderat someprevious time)
3 tree broomedbut healthy
4 poor crown development—littlechanceof survival
5 dead.

2 Excludesvigor class5 butdoesincludea few volunteerlongleafpine (Pinus palustris Mill.). Theyrangetrom 1 2 to 5.8 inches
dbhand from 4 to 30 feetin height.
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30 1. Young,healthx slashpinesshoxsa tnarkedabilit\

to recover from a tire even x~ith lOt) percentcrovt a
scorch and a drooping, obviouslx dead, terminal

-~ 25 leader. As percentageof the crovsn scorcheddrops
below 50 percent,the probability of deathapproaches
zero. Consumptionof more than 10 percent of the

4 ~ foliage, coupledwith completecrown scorch,usually

‘.- results in the deathof the tree.2. If there is little needle consumption, XX ait one
growing seasonbefore deciding XX hether to replant.
Direct tire mortality , as well as secondarydisrupting
agents,can be observed.lmmediatefire effectsoften
look worsethan they actuallyare. The decrease~nthe
expected rate of return by waiting one groXXing seaNon
is negligible—two-tenthsof 1 percentin the illustra-

:2
‘a tion.

3. The land managermust understandand place a
valueon the risksassociatedwith replantingandcarry -

ing a new standto the ageof theone presentlyoccupy
ing the site. Factors to be consideredincltide the
wildfire historyof thearea,easeof establishingnearby
stands, likelihood of drought or other unfavorable

(inside weatherconditions,current or predictedinsector dis-
easeinfestations,and othersimultaneoususesof the
areasuch as for forage or wildlife.

6 4. Rate of return is strongly influenced b~ the plo-
ductive potentialof the site. Managementalternatives
are severelyrestrictedon poorsites. U
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Figure6. Averageannualand cumulativediameterincrement
hark) for six treesin vigor classesI and 2.
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Figure 7. Averageannual and cumulativeheight growth for six treesin
vigor classesI and 2.
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